This study tested the hypothesis that soil protease and urease activity is inhibited by salicylic acid. This was tested in soils from spruce monocultures of different ages and treated by different forest management methods at the Rájec-Němčice Ecosystem Station. Surface organic H-horizons from three study plots were sampled: a mature spruce monoculture of 105 years and two young spruce monocultures of 33 years, one of which was thinned from above and the other thinned from below. Statistically significant differences between the measured values confirm that young stands are sensitive to the presence of 2-hydroxybenzoic acid as a phytotoxic substance. The results of this study do not conclusively show whether the effect of salicylic acid on protease activity inhibition increases when the protease activity itself is high. The impact of salicylic acid on soil urease activity was not clearly evident either.
with microorganisms that feed on the compounds released from plant roots and can increase the nutrient uptake by plant roots, while allowing nutrition from otherwise inaccessible sources of nutrients in the soil (Moe, 2013) . Microorganisms, including soil mycorrhiza, secrete proteases into the soil to facilitate the decomposition of proteins and peptides into amino acids (Kandeler et al., 1999) . There are a large number of proteins and peptides in the soil, with proteases providing a large portion of biologically available nitrogen (Geisseler and Horwath, 2008; Vranova et al., 2013) . Another important enzyme in the nitrogen cycle is urease. Soil urease is involved in the mineralization of organic matter through the hydrolysis of urea and amine to ammonium ion NH 4 + (Ojeda-barrios et al., 2016) . The enzyme activity is influenced by various physical and biochemical factors such as plant litter quantity or quality, as well as the quality of exudated substances, depending on the plant species. Moreover, enzyme activity may be affected by physical factors including soil temperature, soil moisture content and distribution and the soil pH (Tharayil et al., 2013; Aragón et al., 2014) .
One of the substances that affect the activity of plants and microorganisms is salicylic acid (2-hydroxybenzoic acid), which belongs to a diverse group of plant phenolic compounds. These substances play a crucial role in the regulation of physiological processes in plants, such as plant growth and development (Dong et al., 2015) , photosynthesis and flowering. These substances also affect root growth and are essential for plant germination (Popova et al., 1997) . Within the rhizosphere, salicylic acid is produced by some genera of bacteria such as Azospirillum, Pseudomonas, Mycobacterium and Yersinia (Mauch et al., 2001) . Salicylic acid that is produced in the rhizosphere from root exudates or synthesized by microbes may play a role in allelopathy and inhibit the growth of neighboring plants (Schettel and Balke, 1983) .
This study evaluates the seasonal dynamics of soil protease and urease in the organic horizon beneath stands of spruce (Picea abies /L./ Karst, Pinaceae) and their response to addition of salicylic acid.
Materials and Methods

Study plots and soil sampling
The research was carried out at the Rájec-Němčice and to avoid pseudo-replication, we sampled the soil at each of the three study plots, where six mixed soil samples were composed of three sub-samples collected each month by the same method. In the laboratory, the naturally moist samples were sieved through a 4 mm sieve, mixed and stored at 5 °C until use.
Soil and statistical analysis
Determination of the potential protease activity was carried out according to Ladd and Butler (1972) where hydrolysis of casein was followed by the production of L-tyrosine. Determination of the potential urease activity was based on the method by Kandeler and Gerber (1988) 
Results
The results of statistical analyses allowed us to make conclusions regarding the mutual relationships be- The lowest urease activity was found in the MSS, followed by the STFA and STFB (slightly higher). In each of the forest management practices, the seasonal dynamics were markedly different with maximums in
July and in STFB a maximum in October (Figure 4) .
The controlled addition of salicylic acid did not lead to a decrease in urease activity; the highest activity of this enzyme was observed again in July. The differences between the forest management practices were similar to those observed in the samples without the salicylic acid, but with fewer significant differences ( Figure 5 ). Based on the results, the treatments were found to be seasonally and forest-management type specific with regards to the amount of ammonium nitrogen and the activity of protease and urease, both with or without the influence of salicylic acid. The enzymatic activity differed with forest-management type in individual months: protease had its maximum in June and its minimum in September but with low significance of management type, while urease activity was found to be less variable during seasons, with a slight decrease towards autumn, but with significant differences associated with forest management (the most active in STFB, the least active in MSS). However, the inhibition of urease activity was not confirmed to be significant. Figure 6 . Graphical results (factor map) of PCA for the individuals and variables. x-axis is principal component 1 (Dim 1), y-axis is principal component 2 (Dim 2). The individuals are grouped using all the tested factors, grouped by SilvPra (marked by confidence ellipses). Prot and Ur are proteolytic and ureolytic activity, respectively; Prot_ SAc and Ur_SAc are proteolytic and ureolytic activity of soil, respectively, after addition of salicylic acid and NH 4 + is ammonia nitrogen content. Graphical results (factor map) of PCA for the individuals and variables. x-axis is principal component 1 (Dim 1), y-axis is principal component 2 (Dim 2). The individuals are grouped using all the tested factors, grouped by MONTH (marked by confidence ellipses). Prot and Ur are proteolytic and ureolytic activity, respectively; Prot_SAc and Ur_SAc are proteolytic and ureolytic activity of soil, respectively, after addition of salicylic acid and NH 4 + is ammonia nitrogen content. For the supplementary numerical resuts of the PCA see also Table 1 .
Discussion
In our study, we evaluated the seasonal dynamics of soil protease and urease in combination with an assessment of the total amount of ammonium ions in organic horizons under stands of Norway spruce (Picea abies Karst /L./, Pinaceae). We monitored the dynamics of soil enzymes after the addition of salicylic acid and examined its influence throughout the growing season.
Seasonal cycles of plants -and microorganisms -in forests are closely linked to the availability of nutrients (Bardgett et al., 2005; Harrison et al., 2008; Kaiser et al., 2010) . The second peak after a decrease in protease activity comes with improved rainfall conditions and limited availability of nitrogen, which then has a stimulating effect on the microbes that increase its production (Weintraub et al., 2005) . (Popova et al., 1997) . In compliance with Lyu et al. (1990) , Booker et al. (1992) , Bergmark et al. (1992) and Amy et al. (2004) , we confirmed that phenolic substances often have an allelopathic effect, which is manifested in reduced growth ability or the impaired nutrition of plants and microorganisms.
The amount of salicylic acid in forest soils during the year varies. Muscolo and Sidari (2006) found that the greatest amount of salicylic acid in forest soil is in autumn, and then gradually decreases in winter, with the smallest amount occurring in summer. Based on this study, we can conclude that with increasing activity of soil proteases, the amount of salicylic acid in forest soils decreases. Thus, it is possible that salicylic acid is indeed involved in the dynamics of the activity of soil proteases in spruce stands.
Conclusions
This study presents the seasonal dynamics of soil protease and urease in spruce stands of different ages and the effects of salicylic acid on these enzymes. We also measured the amounts of ammonia nitrogen. The results showed a significant effect of seasonality on the proteolytic activity, with peak activity in spring and autumn and depression in summer, and with a very slight effect on urease, which reflects interdependence with the amount of ammonia nitrogen in the organic horizons of spruce forests. Soil protease activity was affected by salicylic acid, but the effect was not proved for soil urease activity. The effects of the given phytotoxic compounds, as well as the effects of soil exchangeable sorption according to the type of plant community, soil type and depth-where decreasing mineralization of phytotoxic substances with soil depth is expected-are to be observed in more depth in the future.
